Figure 1. Gross Phenotypes of RhoA Nb Clones in MBs (A) In the Drosophila CNS, a Nb undergoes asymmetric division to regenerate another Nb and a ganglion mother cell (G), which undergoes one more division to give rise to two postmitotic neurons (N). In the MARCM system (Lee and Luo, 1999), loss of the repressor transgene in the Nb after mitotic recombination leads to the formation of a multicellular Nb clone that contains the rest of the lineage (top). Loss of the repressor gene in the ganglion mother cell or during the only division of the ganglion mother cell gives rise to a two cell or a single cell clone, respectively (bottom). (B and C) In wandering third instar larvae, a wild-type MB Nb clone (B) contains more than 150 neurons, whereas a

MB Nb clones homozygous for RhoA null mutations
Nb clone size is caused by an arrest of Nb proliferation, rather than neuronal death. First, bromodeoxyuridine consistently contained about 10-12 cells (hereafter referred to as RhoA cells or neurons); within each clone, (BrdU) pulse-labeling experiments at different stages of development indicated that RhoA MB Nbs ceased two of these nuclei (identified as unstained centers, outlined by the mCD8-GFP signal; see below) were much division within 24 hr after clone induction. In these experiments, Nb clones were generated in newly hatched larger than the rest of the nuclei ( Figure 1C ). When examined in adulthood, wild-type Nb clones contained over larvae by heat shock induction of FLP recombinase from a hs-FLP transgene, and larvae were exposed to BrdU 500 neurons that projected axons to five lobes (Crittenden et al., 1998; Lee et al., 1999) ( Figure 1D ), whereas at different times afterward (see Experimental Procedures). Clones were examined at either 36 hr post heat RhoA Nb clones still contained about 10-12 cells with axons projecting to only one medial lobe ( Figure 1E ). shock in second instar larvae (Figures 2A-2D ) or over 100 hr later in wandering third instar larvae (data not Expression of a UAS-RhoA(wt) transgene specifically in RhoA mutant Nb clones partially rescued the phenotype shown), with similar results in both cases. When larvae were exposed to BrdU 3-12 hr after heat shock, BrdU ( Figure 1F ), indicating that the observed defect was a result of loss of RhoA function. The rescue was not was incorporated into most small RhoA nuclei ( Figure  2A ), while a BrdU pulse at 12-18 hr resulted in incorporacomplete, perhaps due to the late onset of GAL4-induced transgene expression resulting from the perdution in two to four small and two large RhoA nuclei ( Figure 2B) . A BrdU pulse at 18-24 hr post heat shock rance of the GAL80 repressor protein, weak expression of GAL4-C155 in MB Nbs, or both.
always resulted in exclusive labeling of the two large nuclei ( Figure 2C ). BrdU pulses at 24-36 hr ( Figure 2D Figure 2D ). In the same batch of experiments, we found that 12 of 19 (63%), 16 of 28 (57%), or 11 of 38 (29%) of the larvae contained one RhoA MB Nb clone (i.e., two adjacent large nuclei in the MB region) when examined at 36, 18, or 16 hr after heat shock induction of mitotic recombination, respectively. Assuming the probability of inducing RhoA clone is independent of examination time, this experiment indicated Figure 4C ). To determine whether the overextended processes from the calyx were dendrites, 10-12 cells with two large nuclei (see Figure 1C ; data not shown), while the frequency, number, and degree of we tested the distribution of a fusion protein composed of the microtubule motor Nod and ␤-galactosidase dendrite overextension caused by RhoA mutation were restored to the wild-type level (Table 1) 
. This experiment (Nod-␤-gal). Nod-␤-gal has previously been shown to be concentrated at the tips of dendrites and largely demonstrates that RhoA functions in postmitotic neurons to restrict dendritic extension and that the role of absent from the axons of embryonic sensory neurons (Clark et al., 1997). We found that in wild-type MB neu-
RhoA in the regulation of Nb proliferation and dendritic growth is likely to be independent. rons, Nod-␤-gal was highly concentrated in the calyx and largely absent from peduncles and axon lobes in MB neurons (compare Figures 4A with 4B) . In RhoA Cell-Autonomous Requirement for RhoA in Limiting Dendrite Growth neurons, Nod-␤-gal was also concentrated at the tips of all overextended processes ( Figure 4D ), thus identifying Because RhoA is an intracellular signaling protein, it is generally assumed that it would exert its function these processes as dendritic in nature. Occasionally, staining for Nod-␤-gal distribution also revealed short through a cell-autonomous mechanism. Because single neurons homozygous for RhoA failed to show significant overextension of dendrites in wild-type Nb clones. However, in RhoA clones, the length, frequency, and number phenotype (see above), we cannot conclude that RhoA is cell autonomously required to limit dendritic growth, of overextended dendrites were drastically increased compared with wild type (Table 1) . even if RhoA is only deficient in labeled groups of MB neurons. It is possible that lack of RhoA in neuron 1 Single cell RhoA clones generated in newly hatched larvae rarely showed dendrite overextension (one oversignals to a neighboring neuron 2 to overextend its dendrite, regardless of the genotype of neuron 2. extending dendrite in 40 clones analyzed). This suggests that the overextended dendrites were largely contribTo test rigorously whether RhoA functions in a cellautonomous fashion, we employed a "reverse-MARCM" uted by later born neurons in RhoA mutant Nb clones, which presumably inherited less RhoA protein from pastrategy ( Figure 5A ). The RhoA null mutation was placed on the same chromosome arm as the tubP-GAL80 rental cells. Indeed, RhoA Nb clones examined at 72 hr after larval hatching already exhibited significant dentransgene, such that the homozygous RhoA mutant cells will not be labeled; instead, the sibling from the mitotic drite overextension (data not shown), consistent with a requirement for RhoA activity to limit the extent of denrecombination, which is homozygous wild type for RhoA, will be selectively labeled. Given the cell division drite growth in an early stage of neuronal differentiation. pattern ( Figure 1A) labeled by immunofluorescence using anti-OAMB against we expressed RhoA(V14) in only one MB clone using the MARCM strategy. Interestingly, while the dendritic an octopamine receptor preferentially expressed in the MBs (Han et al., 1998) (red in Figure 5C ). We have examfield volume appears unaffected, there is a 50% reduction of dendritic density ( Figures 6D and 6E) , as meained a total of 34 clones and have not observed any overextending dendrites. Using the standard MARCM sured by relative fluorescence intensity of the calyx (Figure 6F) . assay, in which only the mutant cells are labeled, we calculated that Ͼ10% of the labeled neurons (on averIn both experiments, the transgene is only expressed in postmitotic MB neurons using GAL4-201Y, so an efage, 1.48 overextending dendrites from a 10 cell clone) exhibited dendrite overgrowth (Table 1) Figures 6A-6C) , whereas no abnormality in axonal projections was detecttend to the larger dendritic field created by wild-type dendrites from MB neurons derived from the other three able (Figures 6A and 6B) . In contrast, analogous expression of constitutively active Rac1(V12) or Cdc42(V12) in MB Nbs. The predominant effect is then a reduction in dendritic density, a manifestation consistent with a MB neurons resulted in drastic defects in axon growth and guidance (T. L. et al., unpublished data) . Second, decrease of length or branching complexity of dendrites 
